FILTER ELEMENT WITH VENT ORIFICE 
AND ASSEMBLY THEREFORE 



CROSS-REFERENCE TO RELATED CASES 

The present application claims the benefit of the filing date of U.S. Provisional 
Application Serial No. 60/450,393, filed February 26, 2003; and U.S. Provisional 
Application Serial No. 60/479,032, filed June 17, 2003, the disclosures of which are 
expressly incorporated herein by reference 



The present invention relates generally to fluid filters and filter assemblies, and 
more particularly to a fuel filter and assembly for a vehicle fuel system. 



In certain fuel systems, such as for vehicles, a pump is provided to move fuel 
through the system such as from the tank to the engine. A filter element is typically 
provided upstream (on the vacuum side) of the pump to protect the working components 
of the pump, as well to protect other downstream components. When the pump is 
initially primed, air in the filter housing is purged to the extent of the fuel flow through 



I hereby certify that this correspondence is being deposited with the United States Postal 
Service on this 23rd day of September, 2003, in an envelope as "Express Mail, Post Office 
to Addressee" Mailing Label Number EV237089117US addressed to Mail Stop Patent 
Application, Commissioner for Patents and Trademarks, P. O. Box 1450, Alexandria, 
Virginia 22313^W50>) 



FIELD OF THE INVENTION 



BACKGROUND OF THE INVENTION 



CERTIFICATE OF MAILING 




the filter element. When the element is fresh, and only a small portion of the media is 
being used, this can amount to only a small portion of the air in the housing being purged. 
As the filter element becomes filled with contaminants over time, the resistance increases 
and the housing will be purged of a little more air until the fluid will pass through the 
media easily again. By the end of the element's life, the housing will be full of fuel, and 
the air will be substantially purged from the housing. 

The constant purging of air in the housing does not significantly effect the 
particulate and contaminant separating functions of the filter, but it can impact the water- 
removing properties of the media, as the flow is forced through a relatively small portion 
of the media at a high rate, rather than being spread over a wide surface area. It is 
preferable to have a wide surface area used to take full advantage of the water-removing 
capabilities of the filter media. 

One solution, particularly for vertically-oriented filter elements, is to provide a 
bleed orifice in the upper end cap of the filter element. The orifice allows the air to bleed 
slowly out of the element as the element is being filled with fluid. By sizing the orifice 
appropriately, and locating the orifice in the upper end cap, the orifice will essentially 
only allow air to vent out, and will substantially prevent fluid leakage. Any bypass of 
unfiltered fuel is fairly insignificant and can be caught by secondary filters downstream. 
By so doing, the fuel fills substantially the entire housing, and passes slowly across a 
large surface area of the media for efficient water removal. 

While the above solution has received some acceptance with vertically-oriented 
filter elements, it does not address the issue with horizontally oriented (side-loaded) filter 
elements. Some applications, such as in fuel delivery systems for vehicle engines, 
require elements to be "side-loaded" due to the location of engine components. For such 
applications, the elements are typically coupled to the housing cover for ease of insertion 
and removal. But in so doing, the elements rotate when the cover is screwed down onto 
the housing. When the filter rotates, it can be difficult to anticipate and control the final 
location of the vent orifice, and hence to position the vent orifice such that it allows a 
maximum amount of air to vent from the element. As should be appreciated, positioning 
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the vent orifice, for example, at the bottom or near the bottom of the element will not 
allow air to be purged from the element. 

Thus, it is believed there is a demand for a filter element and assembly for fluid 
applications which require a purging of air, and particularly for such applications where 
5 the filter element is horizontally oriented (side-loaded), where the filter element is 
rotationally positioned such that the vent orifice is properly located for bleeding air from 
the filter element as the element fills with fluid. 

SUMMARY OF THE INVENTION 

The present invention thereby provides a novel and unique filter element and 

10 assembly for fluid applications which require a purging of air, and particularly for such 
applications where the filter element is horizontally oriented (side loaded), where the 
filter element is rotationally positioned such that the vent orifice is properly located for 
venting air from the filter element as the element fills with fluid. 

According to the present invention, the housing includes a cylindrical body with a 

15 closed end and an open end. A cup-shaped cover can be screwed down onto the open end 
of the housing. The filter element includes i) retaining means which temporarily couples 
the filter element to the cover when the element is initially inserted into the housing and 
the cover is initially screwed onto the housing; and ii) orientation means which 
rotationally orients the filter element in the housing as the cover is further and fully 

20 screwed down onto the housing. 

According to a preferred embodiment, the filter element includes a ring of 
filtration media circumscribing a central axis and defining a central cavity. A first, 
circular end cap is sealingly bonded to a first end of the media ring, and includes an 
annular body portion bounding a central opening into the central cavity of the media, and 

25 a vent orifice in the annular body into the central cavity at a predetermined 
circumferential location radially outward from the central opening. An orientation device 
(rib, ridge, tab, etc.) is fixed to and integral with the side sleeve of the first end cap, and 
projects radially outward therefrom. 



4 



The filter element also includes a second, circular end cap sealingly bonded to a 
second end of the media ring. A retaining device (ribs, ridges, tabs, etc.) is fixed to and 
integral with the second end cap and projects outward therefrom, either: i) radially from 
opposite sides of the second end cap; or ii) axially from the end surface of the second end 
5 cap. 

The cup-shaped cover is sized so that it closely receives the second end cap of the 
filter element. A retaining device (sets of radial ribs, tabs, ridges, etc.) is provided on the 
inside surface of the cover that engages and retains the retaining device on the second end 
cap to temporarily retain the filter element to the cover, so that the cover and element can 

10 be inserted together as a subassembly into the housing, with the element rotating in 
conjunction with the cover as the cover is screwed down onto the housing. 

The housing body is also sized so that it closely receives the filter element, and in 
particular, the first end cap of the filter element. An orientation device (rib, ridge, tab, 
etc.) is provided on the inside surface of the housing that engages the orientation device 

15 on the first end cap after the cover is screwed down a predetermined amount on the 
housing. The orientation devices on the housing and first end cap of the filter element 
properly rotationally orient the filter element relative to the housing such that the vent 
orifice is at its uppermost (top) position on the second end cap. The retaining devices on 
the cover and on the second end cap of the filter element are dimensioned and configured 

20 so that when the orientation devices interact to rotationally fix the filter element relative 
to the housing, the cover can rotate relative to the element to fully tighten the cover down 
onto the housing. 

The fluid system can then be operated with the filter element in a position such 
that the vent orifice allow proper bleeding of air from the element as the element fills 
25 with fluid during use. 

When a spent element is to be removed from the housing, the above procedure is 
reversed. That is, the cover is unscrewed and removed from the housing. When the 
element is pulled out from the housing such that the orientation device on the first end 
cap is separated from the orientation device on the housing, the element again is 
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temporarily retained on the cover by the interaction of the retaining devices on the second 
end cap and cover, such that the cover and element can be removed as a subassembly. 
The element can then be easily removed from the cover and replaced with a fresh 
element. 

5 As such, the present invention thereby provides a filter element and assembly for 

fluid applications which require a purging of air, and particularly for such applications 
where the filter element is horizontally oriented (side-loaded), where the filter element is 
rotationally positioned such that the vent orifice is properly located for bleeding air from 
the filter element as the element fills with fluid. 
10 Further features and advantages of the present invention will become apparent to 

those skilled in the art upon reviewing the following specification and attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a side view of a filter assembly constructed according to the principles 
1 5 of the present invention; 

Figure 2 is an exploded view of the filter assembly of Figure 1; 

Figure 3 is an end view of the housing for the filter assembly; 

Figure 4 is an elevated perspective view of the cover for the filter assembly; 

Figure 5 is an elevated perspective view of the filter element for the filter 
20 assembly; 

Figure 6 is a cross-sectional end view of the filter assembly, taken substantially 
along the plane described by the lines 6-6 of Figure 1 ; 

Figure 7 is a cross-sectional end view of the filter assembly, taken substantially 
along the plane described by the lines 7-7 in Figure 1; 
25 Figure 8 is an elevated perspective view of the filter element for the filter 

assembly, constructed according to a second embodiment of the present invention; and 

Figure 9 is an elevated perspective view of a cover for the filter element of Figure 



6 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to the drawings, and initially to Figure 1, a filter assembly constructed 
according to the principles of the present invention is indicated generally at 10. The filter 
assembly 10 can be useful for removing particulate and other contaminants from any type 
5 of fluid system, and in one application, is particularly useful as a filter assembly for 
removing particulate and other contaminant from a fuel stream in a fuel system for a 
vehicle. In such an application, the filter assembly can be located upstream, on the 
vacuum side of a pump for moving fuel through the system, e.g., from the tank to the 
engine. 

10 As illustrated in Figure 1, the filter assembly is horizontally oriented, that is, the 

filter assembly is designed to be side-loaded, as will be described in more detail below. 

The filter assembly 10 includes a filter module 14, including a cylindrical housing 
or canister 16, projecting outwardly from one side of the module from a closed end to a 
distal, open end 17. A first fuel inlet 19 is provided to direct fuel to be filtered (from the 

15 tank) into the module; while a second fluid outlet 20 is provided to direct filtered fuel 
from the module (e.g., to the pump and then to the engine). Other fuel inlets and outlets 
21, 22, direct fuel returning from the engine through a pressure control feature of the 
module (not shown) and then back to tank. Appropriate pressure control features are 
shown for example, in U.S. Patent No. 6,189,513, and U.S. Patent No. 6,555,000, which 

20 are incorporated herein by reference. The housing is preferably formed from metal or 
other appropriate material using conventional processes (e.g., die-casting, machining, 
etc.). Electrical connections as at 23 for remote operation of heaters, water sensors and 
pressure sensors can be provided in the module, if necessary or desirable. A water drain 
as at 24 can be provided on the lower side of the module. Appropriate brackets and other 

25 attachment structure can be provided as necessary on the module to enable the module to 
be fixed to an appropriate location in the engine compartment or other support structure. 

Referring now also to Figures 2 and 3, the housing 16 includes an internal 
chamber, indicated generally at 26, which receives a filter element, indicated generally at 
32. A cover 34 encloses the open end of the housing. A cylindrical collar or tube 38 is 
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provided internally of the housing, extending a short distance from the closed end to the 
open end, with a central opening 39 fluidly connected to the outlet 20 for directing 
filtered fluid from the filter element to the outlet. An opening 40 into the area between 
the collar and the housing is also provided in fluid communication with the inlet 19 to 
5 direct fluid to be filtered into the housing. The filter assembly is described above as 
providing a flow radially inward through the element, however it should be appreciated 
that the inlets and outlets to the module could be reversed, and the element could provide 
a radially-out flow, if necessary or desirable for the particular application. 

An orientation device 42 is provided along the internal surface 43 of the housing 

10 16. The device 42 preferably comprises a rib, tab, ridge or other radially inward 
projecting geometry fixed to the housing and extending axially a predetermined distance 
from the closed end of the housing toward the open end. The orientation device 42 is 
preferably formed unitary (in one piece) with the housing, but it could also be formed as 
a separate piece and then attached to the interior surface in an appropriate manner. The 

15 reasons for the device 42 will be described in more detail below. 

As can also be seen in Figure 2, the housing has a threaded portion, indicated 
generally at 46, extending inwardly a short distance along the inner surface of the 
housing from the open end 17. 

Referring now to Figures 2 and 4, the cover 34 for the filter assembly has a cup- 

20 shaped configuration defining an internal cavity, indicated generally at 47. The cover 
includes an annular sleeve 48 having an external threaded portion, indicated generally at 
50, which sleeve and threads are dimensioned to enable the cover to be received in the 
open end of the housing, with the threads on the sleeve cooperating with the threads on 
the housing to enable the cover to be screwed onto and off of the filter housing 16. The 

25 cover is preferably formed in one piece from appropriate material (e.g., plastic) using 
convention processes (e.g., molding). 

A retaining device, indicated generally at 52, is provided in the internal cavity 47 
of the cover, and preferably along the interior surface 53 of sleeve 48. The retaining 
device 52 preferably comprises two (or more) pairs of closely spaced-apart ribs, tabs, 



ridges or other radially inward projecting elements fixed to and extending axially along 
the length of the sleeve. The retaining device 52 is preferably formed unitary (in one 
piece) with the sleeve, but it (or they) could also be formed as separate pieces and then 
attached to the interior surface of the cover in an appropriate manner. The reasons for the 
5 retaining device 52 will be described in more detail below 

Appropriate external geometry as at 54, can be provided on the cover for 
engagement by a tool to facilitate screwing the cover onto and off of the housing. 

Referring now to Figures 2 and 5, the filter element 32 includes a ring of filtration 
media 60 circumscribing a central axis and defining a central cavity 61. The filtration 

10 media ring has a first end and a second end, and is formed from a material having an 
efficiency and structure (pleated, blown, etc.) appropriate for the particular application. 

A first, circular end cap 64 is sealingly bonded to the first end of the media ring, 
and includes an annular body portion 66 defining a central opening 68 into the cavity 61 
of the media. A short sleeve 70 extends axially from the periphery of the body portion 66 

15 towards the opposite end of the element, and outwardly bounds the media 60. A flexible 
lip seal 74 bounds the central opening 68 in the first end cap and projects axially outward 
from the end surface of the first end cap and tapers slightly radially inward into the 
central opening. Opening 68 is dimensioned to receive the collar 38 of the housing, with 
the seal 74 providing a fluid seal therewith. While seal 74 is shown as a unitary piece 

20 with end cap 64, it is possible the seal could be a separate piece, such as an elastomeric 
O-ring seal, and be carried in an inwardly-facing groove of the end cap. 

The annular body portion 66 of the first end cap projects radially inward a greater 
extent than the inner dimension of the media ring. A vent orifice 80 is provided in the 
body portion 66 of the first end cap, radially outwardly spaced from the central opening 

25 68, and radially inwardly spaced from the inner dimension of the media ring 60 (see, e.g., 
Fig. 7). An annular sleeve 81 outwardly bounds the orifice 80 and is radially outwardly 
spaced from lip seal 74. Annular sleeve 81 fits partially into an annular channel 82 (Fig. 
3) internal to the housing to locate and support the element in the housing. Sleeve 81 also 
protects the vent orifice 80 in that it prevents unintentional obstruction of orifice 80 by 
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the housing. A notch or gap 83 is provided around sleeve 81 to control and meter the flow 
through the orifice. Notch 83 is preferably radially aligned with vent orifice 80. 

An orientation device 84 is fixed to and integral with the first end cap and projects 
radially outward therefrom. Preferably the orientation device on the end cap comprises a 
5 rib, tab, ridge or other radially outward projecting element fixed to the outer sleeve 70 of 
the end cap. The orientation device 84 is preferably formed unitary (in one piece) with 
the first end cap, but it could also be formed as a separate piece and then attached to the 
end cap in an appropriate manner. The reasons for the device 82 will also be described in 
more detail below, although it is noted that there is a predetermined correlation between 

10 the location of the orientation device 84 relative to the vent orifice 80 in the first end cap. 

The filter element also includes a second, circular end cap 86 sealingly bonded to 
the second end of the media ring. A short sleeve 87 extends axially from the periphery of 
the end cap toward the opposite end of the element, and outwardly bounds the media 60. 
According to a first embodiment, one, and preferably two retaining devices as at 88 are 

15 fixed to and integral with the second end cap and project radially outward therefrom, 
from opposite sides of the second end cap. Preferably the retaining devices on the second 
end cap each comprise a rib, tab, ridge or other radially outward projecting element fixed 
to the end cap. The retaining devices 88 are preferably formed unitary (in one piece) 
with the second end cap, but they could also be formed as separate pieces and then 

20 attached to the end cap in an appropriate manner. The reasons for the retaining devices 
88 will also be described in more detail below. 

End caps 64, 86 are formed of appropriate impervious material for the particular 
application, such as plastic, using conventional techniques, such as molding. 
Appropriate adhesive or potting material is provided between media 60 and the inner 

25 surface of end caps 64, 86. 

The cup-shaped cover 34 for the filter element is sized so that it closely receives 
the second end cap 86 of the filter element. When it is desired to assemble the filter 
assembly, the second end cap 86 of the filter element is inserted into ("snapped into") the 
internal cavity 47 of cover 34, and the retaining devices 88 on the second end cap 
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cooperate with the retaining devices 52 on the cover to temporarily couple the filter 
element to the cover. As show in Figure 6, each rib 88 on the second end cap is received 
between a pair of the closely spaced ribs 52 on the cover. The cover 54 and element 32 
can then be inserted together as a subassembly into the open end of the housing 16, with 
5 the collar 38 of the housing being received and sealed within the central opening 68 in the 
first end cap of the filter element. 

The first end cap 64 is likewise sized so that it is closely received in the housing 
16. As the cover is first screwed down onto the open end of the housing, the element 
remains coupled to the cover, and rotates therewith. The orientation devices 42, 84 on 

10 the housing and first end cap, respectively, are axially separated and do not engage. After 
a predetermined threading of the cover on the housing so as to draw the element axially 
further into the housing (preferably after the cover is screwed down about half-way), the 
orientation devices 42, 84 become axially aligned and engage (see Figure 7). In so doing, 
the orientation devices cause the element to be rotationally fixed relative to the housing. 

15 The circumferential location of the orifice vent 80 is chosen such that when the 
orientation devices interengage, the orifice is near, and preferably at the top or uppermost 
portion of the first end cap 61. As should be appreciated, the location of the orientation 
devices 42, 84 can be at any circumferential location around the end cap - as long as 
when they interengage to rotationally lock the element with respect to the housing, the 

20 vent orifice 80 is located at or near the top of the element. 

The retaining devices on the cover 34 and on the second end cap 86 of the filter 
element are configured and dimensioned such that when the orientation devices 42, 84 
interact to rotationally couple the filter element to the filter housing, the retaining devices 
can then release and pass over each other with little effort, and the cover can then be 

25 rotated relative to the element to fully tighten the cover down onto the housing, while the 
element remains rotationally fixed and is only drawn further axially into the housing. 

The fluid system can then be operated with the filter element in a position such 
that the vent orifice 80 allow proper bleeding of air from the element cavity 61 as the 
element collects fluid during use. 
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When a spent element is to be removed from the housing, the above procedure is 
reversed. That is, the cover 34 is unscrewed and removed from the housing 16. When 
the element 32 is pulled out from the housing such that the orientation rib 84 on the first 
end cap is separated from the orientation rib 42 on the housing, the element again is 
5 temporarily retained on the cover by the interaction of the retaining ribs on the second 
end cap and the cover (and rotates therewith), such that the cover and element can be 
removed as a subassembly from the housing. The element can then be simply removed 
from the cover by pulling the element away from the cover. 

According to a second embodiment shown in Figures 8 and 9, the second end cap 

10 86 of the filter element can include a series of axially-extending flexible fingers, tabs or 
other elements 92 which interengage with a lip 94 on the inside of cover 34 to retain the 
element to the cover during initial assembly. The number, length and spacing of fingers 
92 can vary depending upon the particular application, as should be appreciated. The 
interaction between the fingers 92 and lip 94 is such that when the cover is initially 

15 screwed onto housing 16 a pre-determined amount (preferably half-way) such that 
orientation devices 42, 84 interengage as described above, and the element becomes 
rotationally fixed relative to the housing, the cover 34 can then turn relative to the 
element, as the cover is fully tightened down onto the housing. As before, when the 
element is spent and needs to be replaced, and the cover is screwed off the housing in the 

20 same manner as described above, the element can be easily removed from the cover 
simply by pulling the element outwardly away from the cover. 

It should be appreciated that while cooperating sets of retaining devices are shown 
and described in the embodiments above, for temporarily coupling the filter element to 
the cover, the cover and element could be sized so that merely an interference fit occurs 

25 between the sleeve 48 on the cover, and the second end cap 86 of the element. Or one of 
the cover and second end cap could have some geometric deformity (such as a rib, ridge, 
tab, etc.), while the other of the cover and second end cap would not, which would also 
create an interference fit and temporarily couple the element to the cover if properly 
dimensioned. In each of these cases, the end cap structure and cover structure could be 
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dimensioned to achieve the same result - temporarily coupling the element to the end cap 
such that the subassembly can be inserted into the housing and the cover at least partially 
tightened down, and then the cover "releasing" the element such that the cover can be 
fully tightened while the element remains rotationally fixed via the cooperating 
5 orientation devices on the first end cap and housing. 

Moreover, while the orientation devices are shown as being on the periphery of 
the first end cap and on the interior surface of the housing, it is possible that the 
orientation devices could alternatively be on the inner annulus of the first end cap and on 
the collar 38, and still achieve substantially the same result. 

10 As described above, the present invention thereby provides a filter element and 

assembly for fluid applications which require a purging of air, and particularly for such 
applications where the filter element is horizontally oriented (side loaded), where the 
filter element is rotationally positioned such that the vent orifice is properly located for 
venting air from the filter element as the element fills with fluid. 

15 The principles, preferred embodiments and modes of operation of the present 

invention have been described in the foregoing specification. The invention which is 
intended to be protected herein should not, however, be construed as limited to the 
particular form described as it is to be regarded as illustrative rather than restrictive. 
Variations and changes may be made by those skilled in the art without departing from the 

20 scope and spirit of the invention as set forth in the appended claims. 



